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ABSTRACT 
Testing the Behavioral Responses of West Virginia Turtles to Roads and Vehicles 
By Aaron Clinton Gooley 
Road mortality has been identified as a major threat to many turtle species; however, 
response to passing vehicles, crossing speed, and general behavior while crossing roads has 
never been investigated in turtles.  To investigate these factors, Midland Painted Turtles 
(Chrysemys picta marginata), Eastern Box Turtles (Terrapene c. carolina), and Stinkpots 
(Sternotherus odoratus) were collected and placed in a release box on the side of a closed road 
with an active road running parallel to it 26 m away.  Turtles were released via a pulley-operated 
door facing the road, and their actions videotaped by an observer in a nearby blind.  A vehicle 
was driven past crossing turtles on the closed road to simulate passing traffic in the adjoining 
lane.  Resulting videos were used to determine the frequency of responses and length of stops 
due to passing vehicles, effective crossing speed, and other on-road behavior.  Following trials, 
turtles were released at the original point of capture.  Eastern Box Turtles stopped due to the 
stimulus of active road vehicles more than either Stinkpots or Midland Painted Turtles (87.50%, 
33.33%, and 22.22%, respectively), and when stopped, they remained stationary for a greater 
time.  All species reacted to a passing closed road vehicle by stopping on the road; however, 
Stinkpots had a greater mean stop time than Eastern Box Turtles or Midland Painted Turtles, 
although differences between Stinkpots and Eastern Box Turtles were not statistically significant.  
Eastern Box Turtles averaged slower effective crossing speeds than Midland Painted Turtles or 
Stinkpots.  These results indicate that Eastern Box Turtles are at greater risk of mortality when 
crossing divided highways than either Stinkpots or Midland Painted Turtles due to slower 
effective crossing speeds and a higher stop response rate to opposing lane vehicles. 
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INTRODUCTION 
 
The impact of the US road network on wildlife 
There are approximately 7 million miles of roads in the United States, 4 million of which 
are paved.  The extent of the road network has been steadily increasing throughout the past 
century as well as the amount of vehicular traffic (Federal Highway Administration 2007).  
While these roads cover only about 1% of the US, they are estimated to directly affect the 
ecology of over 22% of the contiguous United States (Forman 2000).  It is likely that indirect 
effects of roads impact a far larger percentage of the US and the wildlife that inhabit it.   
Road systems negatively impact wildlife in several ways.  The land cleared for road 
construction results directly in the loss of habitat for many species.  The abrupt transition from 
forest to roadside creates edge habitat that can serve as a corridor for the spread of exotic plants 
and animals (Trombulak and Frissell 2000).  Edge habitat transecting the landscape along 
roadsides can also increase the number of edge specialist predators, such as raccoons (Procyon 
lotor) and coyotes (Canis latrans), throughout an area.  In addition to the destruction and 
alteration of habitat, roads section-off the landscape resulting in fragmented habitats.  This has 
been shown to isolate populations of some small species such as ground beetles (Carabus 
violaceus), resulting in loss of genetic variability (Keller and Largiader 2003).  Many large 
mammal species avoid busy roadways and are also isolated as a result.  Isolation of small 
populations increases inbreeding and restricts gene flow which can reduce fitness.  Isolated 
populations also have an increased risk of extinction (Jackson 2000). 
One of the most direct impacts of roads on wildlife is vehicular-caused mortality, with an 
estimated one million vertebrates killed each day in the US (Lalo 1987).  All terrestrial animal 
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populations that come in contact with roads are subject to collision with vehicles, and the effects 
are documented on a wide range of species (Jackson 2000).  Hels and Buchwald (2001) reported 
that at one site in northern Denmark, amphibians had only a 0.11 to 0.02 probability of 
successfully crossing a motorway, resulting in the yearly death of 10% of adult Peleobates 
fuscus, Rana temporaria, and R. arvalis.  The death of 2266 animals representing 97 species was 
documented on a section of motorway in Western France by Lode (2000) over an 8 month 
period.  Along this stretch of motorway wildlife deaths increased exponentially with vehicle 
load.   
Snakes are particularly susceptible to road mortality, which may threaten the survival of 
certain populations (Andrews and Jochimsen 2007).  Part of their susceptibility may be due to 
their long body length, low visibility to drivers, and willingness to bask on roads.  Rudolph et al. 
(1999) found that populations of large snake species in East Texas were reduced by 50% within 
850m of roads as a result of vehicular collisions.  Rudolph et al. (1998) also found that viable 
populations of timber rattlesnakes were limited to areas of low road density.   
 
The effects of roads on turtles 
In addition to snakes, turtle populations are significantly impacted by roads (Figure 1).  
The reported highway crossing rate for turtles near Lake Jackson, Florida is 1,263/km/year with 
only a 2% chance of success (Aresco 2005a).  This effectively turns some roads into geographic 
barriers to turtle populations, isolating them and lowering their chances of long term survival.  
Beaudry et al. (2008) stated that “road mortality is among the greatest threats to semi-terrestrial 
freshwater turtles due to the group’s life history traits.”  Turtle populations have low 
survivorship of eggs and young, as well as low annual recruitment, but compensate with low 
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natural mortality for adults and incredibly long reproductive lives (Congdon et al. 1994).  A 
population of Spotted Turtles (Clemmys guttata) studied by Litzgus (2006) had an annual 
survivorship of 96.5% for females and 94.2% for males, and the maximum lifespans for females 
and males were reported at 110 and 65 years, respectively; however, they did not reach sexual 
maturity until 12 and 11 years of age.  Even minor reductions in the adult component of turtle 
populations can have long-lasting detrimental effects.  A short term reduction in adult flattened 
musk turtle (Sternotherus depressus) survival from 98-99% to 82-88% for less than a year 
resulted in a 50% population crash the next year.  The population did not recover for over 17 
years (Fonnesbeck and Dodd 2003).   
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Figure 1.  A road-killed Eastern Box Turtle on a West Virginia highway.  
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Multiple studies have shown the skewing of semi-aquatic turtle populations toward a 
male-biased sex ratio and have implicated female road mortality as the cause (Aresco 2005b, 
Gibbs and Steen 2005, Steen and Gibbs 2004, Steen et al. 2006, Wood and Herlands 1997).  
Gibbs and Steen (2005) analyzed 165 population-level sex ratio estimates from studies 
conducted between 1928 and 2003 on US turtle populations.  They concluded that there has been 
an overall increase in the proportion of males, which correlates with increases in miles of paved 
road and increases in traffic volumes in the US over the past century.  Female semi-aquatic 
turtles are particularly susceptible to road mortality as they migrate across land to find nesting 
sites (Wood and Herlands 1997, Steen et al. 2006).  In fact, roadsides may be attractive to female 
turtles as potential nesting sites (Szerlag and McRobert 2006).  Aresco (2005b) found that 6-29% 
of female semi-aquatic turtles inhabiting Lake Jackson, FL are killed on US Highway 27 each 
year while moving over land to nest.  The drastic yearly reduction of the female portion of 
breeding turtle populations where annual recruitment is low will undoubtedly have long term 
negative effects on the populations.  Turtle populations that lose the majority of their 
reproductive capacity through female mortality would become functionally extinct, although the 
population might appear superficially healthy for many subsequent years due to the presence of 
adult males. 
 
Reducing turtle road mortality 
Erecting drift fences that direct turtles into pre-existing culverts along stretches of road 
that are frequently crossed by turtles can reduce turtle mortality.  Drift fences have been shown 
to significantly reduce road mortality from 11.9 to 0.09 turtles killed/km/day (Aresco 2005a).   
Drift fences are not long-lasting and must be replaced every 18 months due to natural wear.  
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Constructing culverts with natural bottoms and light visible from both sides permanently allows 
a significant number of turtles to safely traverse busy roads.  Aresco (2005a) saw evidence that 
over 200 turtles, as well as other wildlife, had used such a culvert over a two-year period.  He 
recommended that permanent barriers consisting of a one-meter tall, smooth vertical surface with 
an inward lip be combined with culverts along stretches of road that are hotspots for turtle 
mortality.  The identification of such hotspots for turtle mortality would allow for preventative 
measures such as these to be taken.   
 
Identifying turtle populations threatened by roads and road-crossing risk 
A model was developed by Gibbs and Shriver (2002) to identify turtle populations that 
are threatened by existing or future roads using road maps, traffic-volume data, and simulated 
turtle movements.  This model used an equation modified from Hels and Buchwald (2001) to 
estimate the probability that a turtle would be killed as it attempted to cross a road.  The equation 
was modified further by Beaudry et al. (2008, 2010) and incorporated into a model that was used 
to assess road crossing risk, the consequences of road mortality to populations, and the times of 
the year when turtles are at the highest risk of road mortality, with the goal of identifying road 
mortality hotspots.  The simulated movements of small-bodied pond turtles, large-bodied pond 
turtles, and semi-terrestrial/terrestrial turtles used in these equations were based on the 
movements of turtles across flat surfaces in a laboratory setting.  The model did not account for 
turtles that might react differently to a road and the stimulus of moving vehicles as compared to a 
simple, flat surface.  It is possible that some turtles might freeze in the road or take refuge in 
their shells in response to traffic, while others might even respond aggressively.  Any of these 
behaviors would greatly increase the time spent crossing a road, and thus the chance of being hit 
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by a vehicle.  Conversely, some turtles might cross roads with as much speed as possible, 
reducing the time spent on the road.  Road-crossing behavior could also differ between small 
aquatic turtles, large aquatic turtles, and semi-terrestrial/terrestrial turtles (Beaudry et al. 2008), 
similar to snakes, which differ by species in their response to oncoming vehicles (Andrews 2004, 
Andrews and Gibbons 2005).  The Gibbs and Shriver (2002) model also assumed that all turtles 
cross roads in a perpendicular fashion, which might not always be the case.  These assumptions 
were noted by Beaudry et al. (2008), who recommended investigating the behavior of turtles as 
they approach and cross roads.  In similar investigations, Andrews (2004) and Andrews and 
Gibbons (2005) examined the behavioral responses of snakes to roads and vehicles using 
controlled experiments in Georgia.  The study showed that road crossing speed and road 
avoidance behavior varied by species.  In addition, certain snake species were found to respond 
to cars as they would a predator, by freezing, which lengthened the time spent crossing the road.  
Like snakes, different turtle species may react to vehicles as they would a predator as well 
(freezing or retreating into their shell), resulting in lengthened time spent on the road when 
crossing and consequently increased chances of being hit. 
 
Investigating turtle responses to roads and vehicles 
I followed Andrews’ (2004) experimental design to investigate road crossing behavior in 
West Virginia turtles.  Unlike Andrews’ study on snake road-crossing behavior, my research did 
not focus on road avoidance due to the growing number of studies that have documented turtle 
movement across roads (Haxton 2000, Aresco 2005a, Szerlag and McRobert 2006).  Rather, my 
research focused on turtle on-road behavior, which was monitored on a simulated divided 
highway.  Specifically, I quantified behaviors that potentially affect length-of-time spent on the 
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road.  The results of this research will assist with future efforts to improve the equation used to 
estimate the probability that a turtle will be killed as it attempts to cross a road by identifying 
behaviors that put turtles at greater risk.  This investigation was conducted in accordance with 
Marshall University Animal Care and Use Committee policies (IACUC Project No.: 420-1, 420-
2, 420-3, 420-4, 420-5, 420-6, 420-7, 420-8, 420-9, 420-10, 420-11). 
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STUDY SITE 
Trials were conducted on the Road to Nowhere at Beech Fork State Park, Cabell County, 
WV (Figure 2).  The Road to Nowhere is a 6-meter-wide paved road that is closed to 
unauthorized vehicular traffic.  An active two-lane road runs parallel to it approximately 26 m to 
the south.  The active road is slightly elevated and traffic is clearly visible from the surface of the 
Road to Nowhere.  A 1.2-1.5 m mowed, grass strip bordered either side of the Road to Nowhere.  
A strip of tall grasses and forbs was located just beyond the mowed grass, and was followed by a 
lower seasonally wet area dominated by ferns, grasses, and scattered bushes and trees (Figure 3).  
The close proximity of the active road to the Road to Nowhere provided a suitable location to 
simulate a divided highway.  Vehicles on the active road represented opposing lane traffic.  
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Figure 2.  Aerial view of the Beech Fork State Park study site. 
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Figure 3.  South facing view (top) and north facing view (bottom) of the Beech Fork State Park 
study site on the Road to Nowhere.
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STUDY SPECIES 
This study primarily focused on three common West Virginia turtle species, i.e., Eastern 
Box Turtles (Terrapene c. carolina; Figure 4), Midland and Eastern Painted Turtles (Chrysemys 
picta marginata and C. p. picta; Figure 5 &7), and Stinkpots (Sternotherus odoratus; Figure 6).  
Red-eared Sliders (Trachemys scripta elegans; Figure 8), Common Snapping Turtles (Chelydra 
s. serpentine; Figure 9), and Wood Turtles (Glyptemys insculpta; Figure 10) were also used in 
the experiments, but in limited numbers.  Eastern Box Turtles are terrestrial, and thus likely to 
encounter roads throughout warmer months as they move across the landscape in search of food, 
mates, and suitable nesting sites (Dodd 2001).  Eastern Box Turtles are the most frequently 
encountered reptiles on West Virginia roadways (T. K. Pauley, unpublished data).  Painted 
Turtles and Red-eared Sliders are semi-aquatic swimmers that encounter roads during spring 
nesting forays, occasional over-land movements from one aquatic habitat to another, and when 
traveling to terrestrial overwintering or aestivation sites (Bowne 2008).  Stinkpots and Common 
Snapping Turtles are semi-aquatic bottom-walkers that encounter roads during nesting forays 
and other occasional over-land movements (Haxton 2000).  Wood Turtles are semi-terrestrial, 
spending a portion of the year in terrestrial habitat where they can encounter roads during the 
course of their daily movements.  Wood Turtles are uncommon in West Virginia, and thus are 
listed as a state species of concern. 
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Figure 4.  Eastern Box Turtle (Terrapene c. carolina). 
 
 
 
 
Figure 5.  Midland Painted Turtle (Chrysemys picta marginata). 
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Figure 6.  Stinkpot (Sternotherus odoratus). 
 
 
 
 
Figure 7.  Eastern Painted Turtle (Chrysemys p. picta). 
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Figure 8.  Red-eared Slider (Trachemys scripta elegans). 
 
 
 
 
Figure 9.  Author with a Common Snapping Turtle (Chelydra s. serpentine). 
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Figure 10.  Wood Turtle (Glyptemys insculpta).  
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METHODS 
Study species and specimen collection 
I collected specimens from May through September 2009, under the West Virginia 
Division of Natural Resources Scientific Collecting Permit No. 2009.143.  Box turtles were 
located and collected by conducting visual searches of terrestrial habitat at Beech Fork State Park 
(Cabell and Wayne counties), Ritter Park (Cabell County), the Huntington Museum of Art 
(Cabell County), and Barboursville Park (Cabell County).  Midland Painted Turtles, Stinkpots, 
Red-eared Sliders, and Common Snapping Turtles were collected at Greenbottom Wildlife 
Management Area (Mason County) using visual surveys of terrestrial and shallow water habitat 
and hoop-net traps (Figure 11).  Hoop-net traps were placed so that they were half-submerged at 
the edge of ponds and wetlands, baited with sardines, and checked daily.  In addition to turtles, 
Bowfin (Amia calva) occasionally entered the traps and were immediately released upon 
discovery.  Wood Turtles, Eastern Painted Turtles, and additional Stinkpots were collected at 
Edwards Run Wildlife Management Area (Hampshire County).  Wood turtles were collected 
using visual surveys of stream and streamside habitat (Figures 12 & 13).  Eastern Painted Turtles 
and Stinkpots were collected using visual surveys and hoop-net traps set in the manner 
previously described.  In addition, I conducted visual searches for Spotted Turtles at Edward’s 
Run Wildlife Management Area and visual searches for Wood Turtles at Cacapon Resort State 
Park (Morgan County).  For each captured specimen, I recorded the capture date and time, GPS 
coordinates, capture method, and general description of the capture site.  At the time of capture, 
each specimen was assigned a unique identification number.  No specimens were collected on, or 
in the immediate vicinity of, a paved road. 
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Figure 11.  A hoop-net trap baited with sardines at Greenbottom Wildlife Management Area. 
 
 
 
 
Figure 12.  Wood Turtle habitat at Edward’s Run Wildlife Management Area. 
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Figure 13.  A Wood Turtle found in aquatic habitat during visual surveys.  
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Specimen housing, transport, and release 
 Immediately following capture, I placed specimens in either a plastic tub or pillowcase 
and transported them to Marshall University, where specimens were placed individually in 
opaque plastic containers with white snap-down lids (with the exception of Common Snapping 
Turtles, which were placed in large heavy-duty black plastic containers with yellow lids).  The 
yellow lids were secured with rope.  Prior to use, I drilled holes into the lids of all containers to 
provide ventilation.  Each turtle’s unique identification number and capture date were marked on 
the front of its container.  Aquatic specimens (Painted Turtles, Stinkpots, Red-eared Sliders, and 
Common Snapping Turtles) were housed with 5 cm of water in their containers.  Box Turtles and 
Wood Turtles were housed with a substrate of either cypress mulch or paper towels and a 
shallow water dish.  All containers were kept near a window to provide a natural photo-period 
and room temperature was kept at approximately 26° C with thermostat-controlled space heaters.  
Containers were cleaned as necessary; however, specimens were disturbed as little as possible 
prior to trials to reduce undue stress.  Specimens were transported to the study site in their 
individual containers immediately before trials and taken back to Marshall University 
immediately following trials.  Water was removed from the containers prior to transport and 
replaced upon arrival at Marshall University.  At the study site, containers with turtles were 
placed in a shaded location to avoid the risk of overheating from sun exposure.  All turtles were 
transported back to their capture location in either a plastic tub or pillowcase and released within 
a week of capture. 
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Release boxes 
 For the purpose of releasing turtles on the road, three different-sized release boxes were 
constructed out of plastic containers.  Box I (Figure 14) was used for Red-eared Sliders, Wood 
Turtles, and smaller Common Snapping Turtles.  Box II (Figure 15) was used for Eastern Box 
Turtles, small-to-medium-sized Common Snapping Turtles, and Painted Turtles.  Box III (Figure 
16) was used for large Common Snapping Turtles.  Solid color plastic containers were used in 
the construction of release boxes to provide a secure environment free of visual stimuli in which 
the turtle could become settled prior to release.  Release boxes incorporated an outward-opening 
door with bolts to keep them shut and prevent turtles from exiting prematurely.  A string was 
attached to both the locking bolts and the door, enabling the door to be unlocked and opened 
with a single pull of the string.  Once open, the door was held in place by Velcro or a hook.  To 
secure the release box in place and prevent it from moving when the string was pulled, four holes 
were drilled in the corners of each box allowing them to be secured to the ground with tent 
stakes.  To provide ventilation and avoid overheating, the lids of release Boxes I and II were cut 
open and covered with grey fiberglass screen and holes were drilled in the lid of release Box III.  
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Figure 14.  Release Box I. 
 
 
 
 
Figure 15.  Release Box II. 
 
 
 
 
Figure 16.  Release Box III.  
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Study site setup 
 On the north or south side of the Road to Nowhere, depending on the trial, a release box 
was staked down with the door facing the pavement and 5 centimeters away from it.  A turkey 
blind was erected 10 m to the left of the release box in the strip of tall grass and forbs, and the 
release string was extended from the release box to the blind (Figure 17).  A video camera was 
placed on a camera stand inside the blind and a window in the blind was unzipped just enough 
for the camera lens to protrude through (Figure 18).  Chalk lines (6.1 m long) were drawn 
parallel with the road at 1.5 m, 3.1 m, 4.6 m, and 6.1 m across the road.  The lines were centered 
in front of the release box.  For the first two initial trials, the blind was placed directly behind the 
release box; however, the turtles were not visible until they had moved approximately 1 m in 
front of the release box and the turtles appeared aware of my presence in the blind.  The blind’s 
position was subsequently moved and the data not used. 
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Figure 17.  Study site setup at Beech Fork State Park. 
 
 
 
 
Figure 18.  Author in the turkey blind with video camera before a trial.  
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Road trials 
 Trials were only run during daylight hours when the road temperature was low enough to 
comfortably hold my hand on the pavement for 30 seconds (123° C or below).  Trials were not 
held when there was heavy rain, strong wind, or lightning.  For each day of trials, half of the 
available turtles were run on the north side of the road and the other half on the south side, with 
the starting side determined at random.  To begin a road trial, I placed a turtle in a release box 
with the release door shut and allowed it to settle for 5 minutes.  During the settling time, I 
recorded the sky conditions, % cloud cover, air temperature at ground level 2 m from the road in 
the shade, % humidity, and road temperature.  I then entered the blind, pulled the release string 
opening the release box door, and waited for the turtle to emerge from the release box.  If turtles 
did not exit the release box within 15 to 20 minutes, the turtle was considered a “no exit” and the 
trial was ended.  Turtles that exited the release box were videotaped for the remainder of their 
trial.  If a turtle exited the release box and moved away from the road, it was considered a “no 
cross” and the trial was ended.  For turtles that moved on to the road, the trial was ended when 
the turtle reached the far side of the road or returned to the starting side of the road. Each turtle 
was recaptured at the end of its trial.  
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Vehicle trials 
 I conducted vehicle trials using the same procedure as the road trials with the addition of 
the stimulus of a single moving vehicle on the Road to Nowhere.  I signaled a technician to drive 
past in a 1996 green Jeep Cherokee when the turtle was partway across the first lane.  The signal 
was timed, based on the turtle’s speed and position, to allow the vehicle to drive past at 40 to 56 
km per hour without posing any danger to it (Figure 19).  The trial was ended when the turtle 
reached the far side of the road or returned to the starting side of the road. 
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Figure 19.  1996 Jeep Cherokee passing a Midland Painted Turtle during a vehicle trial.  
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Video  
 Videos of road trials were used to determine crossing time, response and length of 
response to passing active road vehicles, number of active road vehicles that passed while the 
turtle was on the road, number and length of stops on the road, and other on-road behavior.  A 
turtle was considered to have stopped if it ceased to walk for over 2 seconds.  Defining stops was 
initially difficult because some turtles exhibited momentary pauses lasting 2 seconds or less 
which appeared to be part of their walking gaits.  Defining stops as ceasing to walk for over 2 
seconds excluded these questionable momentary pauses in motion. Additional information on the 
turtle’s reaction and length of time stopped in response to the passing jeep was determined from 
vehicle trials.   
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Data analysis and calculations 
 In order to account for the stimulus of active-road vehicles in my data analysis, I devised 
the following equations: 
 
Stopping response rate to passing active-road vehicles was calculated for each species with the 
equation: 
_______T#ARVStops______     
T#ARV - T#ARVStopped 
 
T#ARVStops =  total number of times a species stopped in response to an active road 
vehicle 
 
T#ARV = total number of active road vehicles which passed (not including vehicles 
which passed when a turtle was stopped in response to the jeep) 
 
T#ARVStopped = total number of active road vehicles which passed while turtles were 
stopped (not including vehicles which passed when a turtle was 
stopped in response to the jeep) 
 
 
Stop time per passing active road vehicle was calculated for each stop with the equation: 
 
TStARV 
ARVperSt 
 
TStARV = time stopped in response to a passing active road vehicle (seconds) 
ARVperSt = number of vehicles that passed while the turtle was stopped plus the vehicle 
that initiated the stop 
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Effective road crossing speed was calculated for each turtle that crossed the road with the 
equation: 
__________RoadWidth_________ 
TCT - (ARVStTime + CRVStLength + OtherStTime) 
 
RoadWidth = 6.1 meters  
TCT = total cross time (seconds) 
ARVStTime = total time stopped in response to passing active road vehicles (seconds) 
CRVStLength = total length of the stop initiated in response to the passing of the jeep 
(seconds) 
 
OtherStTime = total time stopped not in response to a vehicle 
 
Statistical analysis was performed using SigmaStat for Windows Version 3.5 (Systat Software, 
Inc., 2005) and SAS (SAS Institute, Inc., 1999). 
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Morphometric data, DNA sample collection, fecal sample collection, and shell notching 
 After each specimen’s trial, its dorsal and ventral surface was photographed and 
morphometric data was gathered for inclusion in the West Virginia Atlas Project.  Additional 
photographs were taken if time permitted.  All specimens except Eastern Painted Turtles and 
Wood Turtles were shell notched for identification upon recapture (there was only one collection 
event in the eastern panhandle of WV and thus no chance of recapturing Wood Turtles or Eastern 
Painted Turtles).  DNA samples were collected in the form of nail clippings from Eastern Box 
Turtles and submitted to Dr. John Placyk (University of Texas at Tyler) to be utilized in creating 
a molecular phylogeny of the North American box turtles.  Duplicate DNA samples of box 
turtles and samples of other species were collected as time and turtle cooperation permitted and 
deposited in the Marshall Herpetology Museum.  Eastern Box Turtle fecal samples were 
collected, frozen, and deposited in the Marshall Herpetology Museum for diet and parasite 
analysis. 
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RESULTS 
 
From the 28
th
 of May through the 10
th
 of October 2009, I captured and processed 41 
Eastern Box Turtles, 41 Midland Painted Turtles, 18 Eastern Painted Turtles, 1 Red-eared Slider, 
2 Common Snapping Turtles, 3 Wood Turtles, and 13 Stinkpots.  Road trials were conducted on 
19 Eastern Box Turtles (17 exited, 9 crossed), 19 Midland Painted Turtles (13 exited, 6 crossed), 
7 Stinkpots (5 exited, 1 crossed), and 1 Common Snapping Turtle (exited and did not cross).  
Vehicle trials were conducted on 12 Eastern Box Turtles (10 exited, 5 crossed), 19 Midland 
Painted Turtles (15 exited, 12 crossed), 3 Eastern Painted Turtles (none exited), 6 Stinkpots (6 
exited, 4 crossed), 3 Wood Turtles (3 exited, 2 crossed), 1 Red-eared Slider (did not exit), and 1 
Common Snapping Turtle (exited and crossed).  Many turtles attempted to escape their opaque 
plastic containers during their time at the study site but would remain in the release box for over 
10 minutes before exiting.  Some turtles failed to exit the release box after 15 to 20 minutes and 
their trials were ended (4 Eastern Box Turtles, 10 Midland Painted Turtles, 3 Eastern Painted 
Turtles, 2 Stinkpots, 1 Red-eared Slider).  Several turtles which exited the release box walked 
onto the road and then followed the edge of the road out of the study site (3 Eastern Box Turtles, 
5 Midland Painted Turtles, 1 Stinkpot).  I was not able to conduct trials on every turtle captured 
due to time and weather constraints, particularly turtles captured in the fall.  Additionally, several 
trials were ended prematurely in response to bikers entering the study site.  Due to sample sizes, 
quantitative analysis was only performed on Eastern Box Turtles, Midland Painted Turtles, and 
Stinkpots.   
Eastern Box Turtles exhibited the greatest stopping response rate to passing active road 
vehicles (0.875, n=32) followed by Stinkpots (0.333, n=15) and Midland Painted Turtles (0.222, 
n=27; Figure 20).  Eastern Box Turtles exhibited a positive association with stopping for passing 
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active road vehicles (PROC LOGISTIC; maximum likelihood estimate = 1.9459, SE = 0.4291, 
chi-square=20.5650, p <0.0001) and Midland Painted Turtles were negatively associated with 
stopping for passing active road vehicles (PROC LOGISTIC; maximum likelihood estimate = -
1.2528, SE = 0.4004, chi-square = 9.7894, p = 0.0018).  Stinkpots also exhibited a negative 
association with stopping for passing active road vehicles, but the association was not 
significant.  Length of time stopped in response to active road vehicles displayed no significant 
relationships with environmental variables (starting side, percent cloud cover, percent humidity, 
air temperature, and road temperature), sex, or weight (Pearson Product Moment Correlation, 
P>0.05).  Length of time stopped in response to active road vehicles (Table 1) was positively 
correlated with the number of active road vehicles which passed during each stop for Eastern 
Box Turtles (P<0.05, correlation coefficient of 0.956) and Stinkpots (P<0.05, correlation 
coefficient of 0.999) which justified the calculation of stop time per passing active road vehicle 
for those two species (Table 2).  Midland Painted Turtle stop time per passing active road vehicle 
was calculated for the purpose of comparison between species.  Due to issues with normality, I 
used a log10 transformation of time on the data set.  Eastern Box Turtle Stop times per passing 
active road vehicle (untransformed mean=24 seconds with n=28), Midland Painted Turtles 
(untransformed mean=11 sec with n=6), and Stinkpots (untransformed mean=11 sec with n=5) 
showed a statistically significant difference (One-Way ANOVA, DF=38, S=5.618, F=5.864, 
P=0.006).  Eastern Box Turtles were statistically different from both Midland Painted Turtles 
and Stinkpots (P<0.05).  However, Midland Painted Turtles did not differ significantly from 
Stinkpots (P>0.05).  The Common Snapping Turtle which crossed the road did not respond to the 
passing of an active road vehicle by stopping.  Of the 2 Wood Turtles that crossed the road, one 
34 
 
responded to the passing of an active road vehicle by stopping for 4 seconds while the other did 
not stop for 2 vehicles. 
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Table 1.  Length of time stopped in response to passing active road vehicles (seconds). 
 
 
Mean Maximum Minimum n 
Eastern Box Turtles 49 399 3 28 
Midland Painted Turtles 14 34 3 6 
Stinkpots 24 97 3 5 
  
 
 
 
Table 2.  Length of time stopped per passing active road vehicle (seconds). 
 
 
Mean Maximum Minimum n 
Eastern Box Turtles 24 66 3 28 
Midland Painted Turtles 11 34 3 6 
Stinkpots 11 32 3 5 
 
 
Every turtle tested responded to the passing jeep on the closed road by stopping, with 
Stinkpots and Eastern Box Turtles averaging greater stop time than Midland Painted Turtles 
(means 127 seconds, 104 seconds, 45 seconds respectively; n= 4, 5, 13 respectively; Table 3).  
Due to issues with normality, I used a log10 transformation of time on the data set.  Stop time 
was significantly different between species (One-Way ANOVA, DF=21, S=2.548, F=6.233, 
P=0.008).  Eastern Box Turtles differed significantly from Midland Painted Turtles (P<0.05) and 
between Midland Painted Turtles and Stinkpots (P<0.05), but not between Eastern Box Turtles 
and Stinkpots (P>0.05).  There was no significant relationship between stop time and the number 
of passing active road vehicles while stopped, environmental variables (starting side, percent 
cloud cover, percent humidity, air temperature, and road temperature), sex, or weight (Pearson 
Product Moment Correlation, P>0.05).  The single Common Snapping Turtle stopped for 165 
seconds during which 2 vehicles passed on the active road.  One of the 2 Wood Turtles stopped 
for 7 seconds during which no vehicles passed on the active road and the other stopped for 50 
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seconds during which 1 vehicle passed on the active road.  Most turtles began their stop response 
a few seconds prior to the jeep passing.  The Common Snapping Turtle and Eastern Box Turtles 
stop response began earlier on average than the Midland Painted Turtles, Stinkpots, and Wood 
Turtles (Table 4).  The differences between the three species was greater than would be expected 
by chance (Kruskal-Wallis One-Way ANOVA, H=8.151, DF=2, P=0.017).  Eastern Box Turtles 
differed significantly from Midland Painted Turtles and Stinkpots (P<0.05), but Midland Painted 
Turtles were not significantly different from Stinkpots (P>0.05).   
Additional behaviors observed at the time of passing were retracting head, all limbs, and 
tail into shell (2 Eastern Box Turtles, 3 Midland Painted Turtles, 1 Stinkpot), retracting head into 
the shell (2 Midland Painted Turtles), retracting head and tail into the shell (1 Wood Turtle), 
retracting head halfway into shell (3 Eastern Box Turtles, 2 Midland Painted Turtles, 1 Common 
Snapping Turtle), retracting head and tail halfway into shell (1 Wood Turtle), and taking 2 
startled steps back before retracting head, all limbs, and tail into shell (1 Stinkpot).  Also, an 
Eastern Box Turtle began basking on the road (stretching out head and limbs) after stopping for 
119 seconds.  The trial was subsequently ended and the data not used in analysis.  With the 
exception of the basking box turtle and a Midland Painted Turtle that moved back to the starting 
side, all turtles continued in their original direction across the road after the jeep passed.  One of 
the Eastern Box Turtles which continued across the road did turn back later in the trial.  During 
the course of vehicle and road trials 13 turtles stopped on the road briefly for unknown reasons 
(5 Eastern Box Turtles, 5 Midland Painted Turtles, 2 Stinkpots, 1 Common Snapping Turtle; see 
Table 5).  These stops did not correspond with the passing of a vehicle or to any other noticeable 
stimulus.   
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Table 3.  Stop time in response to the passing jeep on the closed road (seconds). 
 
Mean Maximum Minimum n 
Eastern Box Turtles 104 163 30 5 
Midland Painted Turtles 45 117 14 13 
Stinkpots 127 258 74 4 
Wood Turtles 29 50 7 2 
Common Snapping Turtles 165 - - 1 
  
 
 
 
Table 4.  Seconds stopped prior to the passing of the jeep on the closed road. 
 
Mean Maximum Minimum n 
Eastern Box Turtles 5 7 1 5 
Midland Painted Turtles 2 4 0 13 
Stinkpots 1 1 0 4 
Wood Turtles 2 2 1 2 
Common Snapping Turtles 11 - - 1 
 
 
 
 
Table 5.  Stops not in response to passing vehicles or any identifiable stimulus (seconds). 
 
Mean Maximum Minimum n 
Eastern Box Turtles 11 24 4 5 
Midland Painted Turtles 6 8 4 4 
Stinkpots 17 28 5 2 
Common Snapping Turtles 25 - - 1 
 
 
Stinkpots and Midland Painted Turtles averaged faster effective crossing speeds than 
Eastern Box Turtles (means 6.38 meters per minute, 6.23 meters per minute, 3.90 meters per 
minute respectively; n=5, 18, 11 respectively; Table 6).  Effective crossing speed was 
significantly different between species (One-Way ANOVA, DF=33, S=211.115, F=3.811, 
P=0.033).  Eastern Box Turtle effective crossing speeds differed significantly from that of 
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Midland Painted Turtles (P<0.05), however Stinkpots did not differ significantly from either 
Eastern Box Turtles or Midland Painted Turtles (P>0.05).  Eastern Box Turtle effective crossing 
speed was positively correlated with road temperature and air temperature and negatively 
correlated with percent cloud cover (Pearson Product Moment Correlation, correlation 
coefficients 0.685, 0.633, -0.750 respectively; Figure 21).  There were no significant 
relationships with other environmental variables, sex, or weight.  There were no significant 
relationships between Midland Painted Turtle or Stinkpot effective crossing speeds and 
environmental variables, sex, or weight.  The 2 Wood Turtles crossed at 5.81 and 6.1 meters per 
minute while the Snapping Turtle crossed at 3.45 meters per minute. 
 
 
Table 6.  Effective crossing speeds (meters per minute). 
 
Mean Maximum Minimum n 
Eastern Box Turtles 3.90 6.65 2.12 11 
Midland Painted Turtles 6.23 11.09 3.45 18 
Stinkpots 6.38 10.17 2.98 5 
Wood Turtles 5.96 6.10 5.81 2 
Common Snapping Turtles 3.45 - - 1 
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Figure 21.  Eastern Box Turtle effective crossing speed correlation with road
surface temperature.
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Other behaviors differed between and within species during trials.  Eastern Box Turtles, 
Wood Turtles, and the Common Snapping Turtle appeared more alert when crossing the road 
and during stops.  They tended to hold their heads more outstretched and slightly elevated while 
walking than did the Midland Painted Turtles and Stinkpots.  They also held their heads up and 
looked around more frequently when stopped; a behavior which became more noticeable when 
video was sped up.  Turtles walked across the road at different gaits and postures that did not 
appear consistent across species lines.  Some turtles held their plastron close to the pavement as 
they walked and others appeared to slide it along the pavement.  Still others held themselves high 
above the pavement as they walked.  The single Common Snapping Turtle that crossed the road 
walked with its legs more vertically positioned than any of the other turtles, resulting in slow 
steps and the body being raised high off the ground (Figure 22).  Some Eastern Box Turtles and 
Midland Painted Turtles moved their tails all the way from one side of the body to the other with 
every step while others did not move their tails while walking. 
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Figure 22.  Common Snapping Turtle crossing the closed road.  
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DISCUSSION 
 Investigating the behavioral responses of turtles to roads and vehicles presented several 
unforeseen challenges that ultimately affected sample sizes.  The initial aquatic turtle trapping 
attempt in late spring resulted in the capture of four large, foul-tempered Common Snapping 
Turtles.  While aggressiveness was expected, the ability to smash plastic tubs was not and they 
were immediately released due to lack of secure housing.  This tub-smashing incident also called 
into question the durability of release Box I when testing large Snapping Turtles.  Subsequently, 
trapping of large Common Snapping Turtles ceased until suitable housing containers were 
located (large heavy-duty black plastic containers) and a new release box (release Box III) was 
constructed.  After trapping was resumed in early summer, only three Common Snapping Turtles 
were captured, one of which escaped from the hoop-net trap before it could be secured, resulting 
in only two Common Snapping Turtle trials.  The rate of capture for Stinkpots was also relatively 
low compared to that of Painted Turtles and Eastern Box Turtles.  Additionally, Wood Turtle 
capture success was lower than expected.  Two surveys and multiple searchers yielded 4 Wood 
Turtles at Edward’s Run Wildlife Management Area; three were used in trials. Unsuccessful 
attempts were also made to locate Spotted Turtles at this location and Eastern Box Turtles were 
only located on the side of the management area farthest from the entrance and parking area 
despite suitable habitat elsewhere.  With the high market value of Wood Turtles and Spotted 
Turtles it is quite possible that the area has been poached extensively.  Eastern Painted Turtles 
were abundant though at the management area and 18 were captured in the first weekend.  
However, dates available for trials were nearly all rained out the following week and priority was 
given to the three Wood Turtles resulting in a nonexistent Eastern Painted Turtle sample (the 
three Eastern Painted Turtle trials all resulted in no exits). 
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 Release boxes also posed a challenge because many turtles would not readily exit after 
the release-door was opened.  Presumably the solid colored release box provided a secure area 
for the disoriented turtles to settle and gain their bearings before proceeding.  The length of time 
many turtles spent in the release-box prior to exiting greatly extended the time required to run a 
single trial, limiting the number of trials per day.  It is possible that using opaque release boxes 
would have prompted turtles to exit more quickly and reduced the number of no exits; however, I 
believe that allowing the turtles to settle and orient themselves in the secluded interior of the 
release-box prior to exiting resulted in more naturalistic road-crossing behavior and reactions to 
passing vehicles. 
 Because of small sample sizes, results must be interpreted cautiously.  Box turtles 
appeared to be more alert to their terrestrial surroundings during trials, which may explain why 
they had both an average stopping response rate to passing active-road vehicles and an average 
time stopped prior to the passing of the jeep which were more than double that of the semi-
aquatic Eastern Painted Turtles and Stinkpots.  Whether this apparent alertness is a result of 
increased visual or auditory ability is unclear.  Wever and Vernon (1956a, 1956b) concluded that 
the ears of Eastern Box Turtles are adapted for receiving low-frequency aerial sounds and that 
the hearing ability of Eastern Box Turtles is comparable to that of Eastern Painted Turtles, Wood 
Turtles, and Slider Turtles (Trachemys scripta) making it unlikely that the semi-aquatic species 
are less able to hear the passing vehicles than Eastern Box Turtles.  It is possible that Midland 
Painted Turtles and Stinkpots detected passing active-road vehicles as well as Eastern Box 
Turtles, but were less inclined to stop, leaving themselves exposed for longer than was needed to 
cross the road.  Unlike the other turtles in this study, box turtles have the luxury of a hinged 
plastron which allows them to close their shells tightly, making them nearly invulnerable to most 
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natural predators.  Nearly all Eastern Box Turtles captured during the course of this study reacted 
to the presence of a person by freezing when first discovered in the wild (an apparent response to 
attempt to avoid detection by a presumed predator).  They retreated into their shells when they 
were approached with my hand for capture or when they were picked up (similar to discovery by 
a predator).  Stinkpots and Midland Painted Turtles have exposed areas that are vulnerable to 
land-based predators even when retracted into the shell.  During collection, all Painted Turtles 
and most Stinkpots found in shallow water or on land attempted to flee from an approaching 
person (presumed predator) either to deeper water or to thick vegetation.   Consequently, 
differences between species when reacting to passing active-road vehicles could be the result of 
each species’ instinctual response to an approaching predator. 
 These interspecific responses to approaching potential predators do not explain why 
species other than Eastern Box Turtles responded to the passing jeep by stopping.  If the more 
vulnerable semi-aquatic turtles are reacting to passing active-road vehicles by continuing across 
the road in an attempt to reach the relative safety of the bordering vegetation, one would expect 
them to attempt to flee from the approaching jeep.  Additionally, the Common Snapping Turtle 
did not display any of the defensive behavior described by Dodd and Brodie (1975) and may not 
have regarded the passing jeep as a threat.  It is more likely that, in close proximity, large fast-
moving vehicles are startling, yet do not register as a potential predator to the turtles. There are 
clearly no natural predators that resemble a noisy vehicle. Interestingly, I have personally 
observed Eastern Box Turtles boldly walking across roads in the midst of heavy traffic on 
multiple occasions.  I have also observed Common Snapping Turtles and Midland Painted 
Turtles apparently fleeing from vehicles on roadways.  It is possible that the stress of capture and 
captivity, or the study design, altered the turtles’ responses to passing vehicles; however, it is 
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likely that multiple vehicles passing in front of a turtle or one or more vehicles passing directly 
behind a turtle could elicit responses differing from those observed in this study.   
 While effective crossing speeds do not precisely reflect actual walking speeds because 
some turtles crossed the road at non-perpendicular angles, the mean effective crossing speed for 
Eastern Box Turtles was only 0.3 meters per minute faster than the flat-surface walking speed 
reported by Muegel and Claussen (1994).  Midland Painted Turtle mean effective crossing speed 
only differed 0.16 meters per minute from the voluntary walking speed on a flat surface reported 
by Zani and Claussen (1994).  Because of the similarities, in-lab observations of turtle walking 
speeds on flat surfaces may be adequate for modeling on-road movements.  Interestingly, while 
box turtle effective crossing speed was positively correlated with temperature just as speed has 
been reported to be (Adams et al. 1989, Claussen et al. 2002), Eastern Painted Turtle and 
Stinkpot effective crossing speeds were not.  It is unlikely that temperature had no effect on the 
effective crossing speeds of endothermic Eastern Painted Turtles and Stinkpots.  The lack of 
correlation between effective crossing speeds and environmental variables is likely a result of 
sample size and possibly a wider range of walking speeds for these species. 
 If the turtle behaviors observed during the course of this study accurately reflected those 
that would be displayed when turtles cross divided highways (with passing active road vehicles 
representing passing opposing lane vehicles and the passing jeep representing passing adjoining 
lane vehicles), then Eastern Box Turtles are clearly at far greater risk of vehicular-induced 
mortality when crossing divided highways than Eastern Painted Turtles and Stinkpots.  A greater 
stopping response rate and longer stop times in response to passing opposing lane vehicles, 
which pose no threat, combined with slower effective crossing speeds would cause box turtles to 
spend far more time on the road than other species.  This increases the probability of being 
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unintentionally or intentionally hit.  These behaviors could explain why Eastern Box Turtles are 
the most frequently encountered road-killed reptile on West Virginia Highways (T. K. Pauley, 
unpublished data; Figure 23).  It stands to reason that many of these road-killed Eastern Box 
Turtles might be the transients that are responsible for gene flow between populations (Dodd 
2001).  If so, high road mortality would not only impact local box turtle populations, but the 
genetic diversity of surrounding populations as well. 
 To decrease the incidences of vehicular-induced road mortality in turtles, I suggest 
implementing the recommendations put forth by Aresco (2005a).  However, in lieu of these, box 
turtle road mortality might be reduced by the erection of visual barriers between adjoining and 
opposing lanes of divided highways in the form of densely planted trees and bushes.  This 
vegetative barrier could serve to decrease the stimulus of opposing lane vehicles, thus limiting 
the time spent stopped on the pavement as a response to those vehicles. This approach would not 
take the place of or be as effective as installing permanent barriers leading to culverts, but it 
would be less costly and improve the aesthetic appeal of divided highways. 
 The observed tail movement while walking in some specimens was reported by Willey 
and Blob (2004) in juvenile Common Snapping Turtles and was suggested to be the result of tail 
musculature and not of hind limb movement.  Why only some specimens exhibited this behavior 
while walking and its purpose, if any, are unknown.  Also, a review of the literature revealed a 
lack of studies on terrestrial locomotive behavior in turtles relating to the use of different 
walking postures observed within species.   
  
48 
 
 
 
Figure 23.  A road-killed Eastern Box Turtle on a West Virginia divided highway.  
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CONCLUSIONS 
 
The results of my study indicate that Eastern Box Turtles spend more time crossing and 
stopped on the pavement when crossing divided highways and roads in general than Stinkpots or 
Midland Painted Turtles and are thus at greater risk of vehicular-induced mortality.  This may 
partially explain the high number of Eastern Box Turtle road mortalities observed in West 
Virginia and those incidences of road mortality might be reduced by planting vegetative barriers 
to visual and auditory stimuli between adjacent and opposing lanes of divided highways.  The 
effects of high road mortality on West Virginia’s Eastern Box Turtle populations need to be 
investigated.   
Future research is needed to address additional species and expand sample sizes both on a 
simulated divided highway and on a road lacking the stimuli from an active road.  Research 
should also be conducted to determine if turtle responses to passing active-road vehicles are due 
to visual or auditory stimuli as well as to test the effectiveness of vegetative barriers on divided 
highways.  Lastly, locomotive behavior, both relating to walking posture and tail movement 
while walking, needs to be investigated in turtles. 
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